3
French and Vietnamese Phonology (Hanoi)
In this section, we provide background information on the phonology of Vietnamese (Emerich 2012; Hoa 1965; Hwa-Froelich et al. 2002; Kirby 2011; Phạm 2006; Phạm To appear; Tang & Barlow 2006; Thompson 1965) and French (Féry 2003; Fougeron & Smith 1999; Storme 2015; Strange et al. 2007; Tranel 1987; Walker 2001) . The information on Vietnamese is based on the Northern (Hanoi) dialect. 2 The inventories of vowels and consonants of the two languages are presented in (1)-(4).
( Vietnamese has nine monophthongal vowels and three diphthongal vowels. Two non-high central vowels, /a/ and /ɤ/, show length contrast and these contrasts are also accompanied by spectral differences, with the differences attested more consistently for the /ɤ/-/ɤ̆/ pair than the /a/-/ă/ pair (Emerich 2012; Kirby 2011) . The short vowels /ă/ and /ɤ̆/ only occur in closed syllables. Also there is a marginal length contrast of /ɛ/ vs. /ɛː/ and /ɔ/ vs. /ɔː/; the long vowels /ɛː/ and /ɔː/ only occur in syllables closed with a velar coda. Vietnamese coda consonants are limited to voiceless stops [p, t, c, k, k ͡ p] , nasals [m, n, ɲ, ŋ, ŋ ͡ m] and approximants [j, w] . Labial codas [m, p] can occur with all vowels, except for /ɯ/. In the Northern dialects, dental codas [t, n] can occur with all vowels although they are rare after /ɯ/. Palatal, velar, and labial-velar codas are in quasi complementary distribution, as summarized in (5). The overall pattern is that dorsal codas assimilate to the place of articulation of the preceding vowel, except for /ɛː/ and /ɔː/. Palatals ([c] 
French has twelve monophthongal oral vowels and four nasal vowels. The contrasts between /a/ and /ɑ/ and between /ɛ/ and /oẽ/ are marginal. Unlike Vietnamese, French has contrasts between front unrounded and front rounded vowels and also a series of nasal vowels. Similar to Vietnamese, French contrasts tense (=higher) and lax (=lower) mid vowels. These mid vowels of French are subject to a phonotactic restriction known as the Loi de Position (LP) (Féry 2003; Storme 2015) ; generally, the lax vowels /ɛ/, /oe/ and /ɔ/ are found in closed syllables and the tense vowels /e/, /ø/ and /o/ are found in open syllables. This restriction holds fairly systematically in non-final unstressed syllables.
5 But, in final stressed syllables, there are exceptions; /e/ and /ɛ/ contrast in word-final (=stressed) open syllables while /o/ and /ɔ/, and /ø/ and /oe/ contrast in word-final closed syllables. But, even in final closed syllables, only /o/ is found before /z/ and only /ɔ/ is found before /ʁ/, /ɲ/ or /ɡ/. The pattern in the standard French is summarized in (6). It is noted that /ɔ/ is realized with a more centralized quality phonetically before /ʁ/ (Fougeron and Smith 1999) . The Loi de position is also subject to dialectal variation (Féry 2003; Walker 2001) .
4
Vowel adaptation
French-Vietnamese vowel correspondences
We first present an overview of the correspondences between French and Vietnamese vowels in our loanword data. The correspondences are summarized in (7) and some representative examples are provided in (8). The vowels inside the double-lined box are the focus of this paper and will be discussed in later sections.
The two high corner vowels /i/ and /u/ are mapped straightforwardly to their corresponding Vietnamese vowels but all other vowels show variation or require some explanation. French front rounded vowels have no corresponding vowels in Vietnamese and French /y/ is adapted as /wi/, /u/, or /i/. The /wi/ form is the most common adaptation pattern and it is the form that retains both the rounding and the front feature of input /y/, while /u/ and /i/ only retain one of the two features although the latter are more faithful to the input in that they retain the mono-segmental structure of the input. The mid front rounded vowels /ø/ and /oe/, on the other hand, are adapted as /ɤ/. An adaptation parallel to the high front rounded vowel would predict /ø oe/ to be adapted as /we/ or /wɛ/. It is notable that unlike the high front rounded vowel, the mid front rounded vowels do not retain rounding or the front feature in their adaptation, although there is no apparent native phonotactic restriction against such adaptation. French schwa /əә/, which is realized similar to front rounded vowels, is also adapted as Vietnamese /ɤ/. Nasal vowels, /ɑ/, /ɛ/ and /ɔ/, are adapted as a sequence of a vowel and a coda nasal. There is no instance of /oẽ/ in our data. When the nasal vowel is followed by a labial consonant in the French input, the final nasal is realized as /m/ while when the following consonant is velar or coronal, the adaptation is /ŋ/ or /ɲ/. The palatal /ɲ/ is found when the vowel is a front vowel /ɛ/.
(7) Summary of vowel correspondences Given the dialectal variation of LP effect within French, the syllable structure effect observed in our data may be simply due to the fact that in the input dialects that Vietnamese was in contact with, the LP effect was more consistently upheld and the adapters are merely mimicking the French input vowels without any knowledge of the LP effect. But, there is evidence that the adapters seem to be extending the LP effect productively beyond what is observable from the French input. The evidence comes from those cases of adaptation where the syllable structure changes from French to Vietnamese and the vowel quality is in turn modified to respect LP. Most of these examples involve orthographic geminates being pronounced as geminates and tense vowels of French open syllable being realized as lax vowels in the derived closed syllable of Vietnamese output, as shown in (12). 6 French open syllables may also end up as closed syllables in Vietnamese due to truncation (13). (12 In other words, it seems that the Vietnamese adapters adjust the vowel quality in the output to adhere to LP. Here, it is important to note that the knowledge possessed by the adapters is not native-like and the adaptation does not necessarily match the correct French input vowel or the syllable structure, as can be seen from the extensive variation in adaptation of these vowels and the orthography-based gemination of consonants. The emergent LP effect is one of the strategies the adapters may be using in their effort to approximate the correct French vowels, although they may not always be successful in doing so.
To verify that the Vietnamese syllable structure makes a contribution to predicting the choice of tense vs. lax in mid vowel adaptation, independent of the French input syllable structure and the French input vowel quality (in Standard French), various logistic regression models are compared in their AIC (Akaike Information Criterion) values. AIC is a measure of goodness of fit of the model with penalties for model complexity. In all models, the output vowel choice (tense vs. lax) is the dependent variable. The independent variables are all possible combinations of the following three factors-French input vowel 6 Such geminate pronunciations are also reported for French but restricted to particular words and speech styles (Tranel 1987) . According to Fouché (1973) , on the other hand, in contemporary French gemination tends to be found with sonorant consonants and so it is in fact possible that gemination in some of the data in (12) may be found in the French input itself.
(tense vs. lax), French input syllable structure (open vs. closed), and Vietnamese output syllable structure (open vs. closed). The table in (14) summarizes the AIC values of the models under comparison, where lower AIC values indicate a better model. The best models are highlighted in boldface. For both front and back vowel models, addition of the Vietnamese syllable structure factor improves the model (i.e. reduces the AIC value) the most compared to the other two factors. For the front vowels, all three factors make a positive contribution to the model fit while for the back vowels, the French input vowel quality does not improve the model fit enough to justify the added complexity. To summarize, we have statistical evidence that the LP effect in the loanword data cannot be explained by mere mimicking of the standard French input vowel quality or the French syllable structure. Rather, speakers seem to productively extend the LP effect to novel contexts where the Vietnamese output syllable structure diverges from the actual syllable structure of the French input. (14) The native lexicon also shows a tendency of more lax stops in closed syllables than in open syllables but the tendency is much weaker in the native lexicon (67% vs. 35% for front vowels and 37% vs. 33% for back vowels) than in the loanwords (80% vs. 10% for front vowels and 26% vs. 5% for back vowels). The effect in the native lexicon is especially tenuous in back vowels. So, while the native phonotactics are not incompatible with the LP effect, the native tendency does not seem strong enough to explain the emergent effect observed in loanwords. Moreover, the fact that a lax vowel is consistently found in an open syllable derived from the deletion of French coda /ʁ/ (see (9)) resulting in a structure that goes against the LP effect in Vietnamese output suggests that the phonotactic wellformedness of Vietnamese output is not likely to be responsible for the emergent LP effect in mid vowel adaptation. But, the analysis that attributes this pattern to the adapters' imperfect knowledge of L2 phonology provides a better explanation as the consistent lax We first consider the possibility that the divergent adaptation of /a/ in pre-uvular vs. pre-velar contexts may be due to a phonetic difference in the French input. To examine the phonetic variation of French /a/ before different coda consonants, the third author, who is a native speaker of standard French, recorded six repetitions of nonsense words where /a/ occurs before coda /p/, /t/, /k/ and /ʁ/. The mean F1, F2, and duration of the vowel in these contexts are summarized in (19). The vowel is longer and lower (i.e., higher in F1) before /ʁ/ than before /p/, /t/ or /k/, consistent with the observation in the literature (Fougeron & Smith 1999) . So, this acoustic difference is compatible with the contrasting adaptation of the vowel before /k/ vs. /ʁ/ coda. However, this phonetic difference in French cannot explain why the /ak/ coda is singled out for a short vowel adaptation, while /at/ and /ap/, which have vowel durations comparable to or shorter than /ak/, are adapted with a long [a] , as shown in (20). We also observe that French /a/ before /k/ shows a much more front realization (i.e., higher in F2) than before /ʁ/. But Vietnamese short /ă/ is reported to be more back (i.e., lower F2) than the long /a/ (Emerich 2012; Thompson 1965) 
